In most of the bacterial agglutinating systems previously studied by the quantitative method (1-5) well defined capsular polysaccharide antigens and their corresponding antibodies were principally involved. The greater part of the antibody produced as a result of intravenous injections of microorganisms such as type-specific pneumococci or It. influenzae reacts with these capsular antigens, relatively little being directed toward minor antigens such as somatic polysaccharides and proteins.
(Received for publication, May 21, 1941) In most of the bacterial agglutinating systems previously studied by the quantitative method (1) (2) (3) (4) (5) well defined capsular polysaccharide antigens and their corresponding antibodies were principally involved. The greater part of the antibody produced as a result of intravenous injections of microorganisms such as type-specific pneumococci or It. influenzae reacts with these capsular antigens, relatively little being directed toward minor antigens such as somatic polysaccharides and proteins.
On the other hand, immunization with hemolytic streptococci results in the production of antibodies reactive with a number of different antigenic components, of which the type-specific M-(6) and T-(7) substances, the groupspecific somatic polysaccharide-C (6), and at least two group-specific protein antigens (6, (8) (9) (10) (11) have been recognized as separate entities. Adaptation of the quantitative agglutinin method to hemolytic streptococcus systems therefore raises even more complicated questions and difficulties than in the case of R (Dawson S) pneumococci (4) . Before consistent results could be obtained much preliminary work was necessary and details of this phase of the study will be omitted.
Materials and Methods
The following strains 1 of Streptococcus hemolyticus were used: SF 130 and S 118, both Type 1 "glossy" (12) strains. C203, in both the mucoid (13) and glossy phases, representative of a mixed type containing both Type 1 and Type 3 antigens (7). Griffith's classical Type 3 strain (14) in the mucoid phase. The three glossy strains, when reexamined after passage in liquid media, were found to grow in mucoid colonies, and had thus probably reverted from the glossy type. Since it seems that reversion from smooth or glossy to the mucoid form does not necessarily involve a recovery of the M-substance, e the presence of M-substance in the reverted strains may be considered doubtful. The glossy strains were originally chosen in order to eliminate the M-anti-M system, but since it seemed difficult to preserve these strains in the glossy or smooth state, no attempt was made to isolate the large amounts needed in a state of phase purity.
Immunir, ation.--Suspensions of the strains were prepared from 24-36-hour broth cultures which were formalin-killed, centrifuged, washed free from broth with saline, and resuspended in saline. They were preserved with merthiolate, 3 1 : 10,000. Rabbits were injected intravenously with the vaccines, starting with doses of 0.01 mg. of N, and gradually raising this to 0.15 or 0.20 rag. of N. 4-week courses were given, with injections on the first 4 days of each week. 6 days after each course test bleedings were examined for presence of anti-C and antiprotein with solutions of streptococcus Group A C-substance and protein. In some instances three or four courses were necessary before satisfactory sera were obtained.
Agglutinin Determinations.--The method used in the study of the first sera was the same as described previously (1-5) with minor modifications. Suspensions of the various strains were prepared from 24-36-hour cultures in 0.15 per cent glucose-meat infusion broth. The cultures were killed with formalin, centrifuged, and were washed free from broth with chilled 0.9 per cent saline. Any vaccine left standing between two experiments was centrifuged and resuspended in fresh saline to remove possible soluble extraction products. The suspensions were made up to a concentration of 0.4 to 0.6 rag. of nitrogen per ml. and preserved with merthiolate. In general the suspensions were found capable of removing, in the initial absorption of homologous antisera, amounts of nitrogen equivalent to 0.1 to 0.3 of the quantity of nitrogen in the streptococcus suspension used. All determinations were run in duplicate. 1.0 ml. portions of 3 : 10 serum dilution, neutralized to pH 6.8-7.2, and 2.0 ml. portions of cell suspension were usually employed. The tubes were left in the cold for 48-72 hours with occasional mixing. The agglutinated organisms and control suspensions were washed successively with 3, 2.5, and 2.5 ml. of chilled saline and centrifuged in the cold.* All supernatants and washings were recentrifuged in conical tubes to avoid loss of small quantities of nitrogen (4, 5) . In order to exhaust the sera it was necessary to run one or more reabsorptions, and for this aliquot portions of the supernatants were used. Data obtained in this way with homologous and heterologous cell suspensions are given in Tables I and II. Unfortunately, after a later series of streptococcus suspensions was taken into use, a serious source of error appeared in a marked tendency of the antigen to form films on the surface of the fluid and to stick to the walls of the tubes. This effect was most Differences between A and C were checked by analysis of the cell-free supernatant from C. Subnumerals indicate course of injection. Sera from the first two courses were given two absorptions only; agglutinin N removal was probably incomplete in 7502, 7522, 756,, 7562, and 7582. Sera from the third course were given three absorptions, of which the first two sufficed for serum 7503.
* Suspension prepared from R strain; broth culture showed typical properties of R, but smears indicated possible presence of 5 to 10 per cent of S organisms. pronounced in the suspension control tubes and rarely appeared in the tubes which had contained serum until the second washing, resulting in greater loss of nitrogen in the suspension N estimations than in the analyses of the agglutinated suspensions. This tended to make the results too high. If the suspension N estimations were made without washings parallel with those on the agglutinated cells the values for agglutinated suspension N minus control suspension N were occasionally 50 per cent less, for low grade sera, than if washed suspensions were used for the N value of the cell suspension. However, it was found that a better method of washing was es- sential, since other experiments had shown that the cell-free washings of the control suspensions always contained small amounts of nitrogen. It therefore seemed possible that similar small amounts would be lost from the agglutinated cells during the washings, particularly in the second and third absorptions, after the major portion of the agglutinin N had been removed from an antiserum.
In view of the effect of serum in preventing film formation by the streptococci it was thought that a non-nitrogenous substance such as saponin might likewise be effective. Addition of 1 or 2 mg. of this substance to the control suspensions resulted in a greater loss of soluble N than with saline alone, even though film formation was prevented, while addition of even 0.5 rag. per ml. to the entire suspension resulted in an unusually low value for agglutinin N. The following procedure eliminated film formation as well as these disturbing effects of the saponin, and may be recommended as a standard technique. Saponin is added only to the supernatants, which contain only small numbers of cells. 0.2 ml. of 1 per cent saponin solution was added to each of the empty tubes into which the control suspension supematants were to be poured. This was repeated after each centrifugation, before the next supernatant was poured over into the tube. In the case of the supernatants from the agglutinated cells, saponin was added to the tubes only when these were to receive the supematants from the first, second, and third washings, since it was usually necessary to run a further quantitative absorption on the original serum supernatant. Moreover, as stated above, losses due to film formation did not occur in the presence of much serum.
Results of experiments to check the method are given in Table III , while agglutinin estimations on successive courses in a later group of sera are given in Table IV . Precipitin determinations with Group A C-substance are given in Table V for comparison with the agglutinin content. Table I shows that although the largest part of the agglutinin content is taken out in the first absorption two or three additional absorptions are necessary to remove the remaining small portion. This may be explained by the presence of several distinct antibodies reactive with separate antigens of varying reactivity depending upon their availability on the bacterial suspension.
RESULTS AND DISCUSSION
The data given in Table II show that the C203 strain absorbed somewhat less agglutinin from anti-SF 130 sera than the homologous suspension. In two instances the difference was considerable. On the other hand both SF 130 and C203 took out approximatcly the same quantity of agglutinin from anti-C203 scra. The actual weight of antibodics to the type-specific T-component (7) therefore appears to have been small in these antisera. Type 3 suspensions absorbed much less antibody from antisera to the other two strains than did suspensions of these strains. It is therefore possible in thcse instances to obtain a quantitative measure of type-specific and group-specific antibodies and to follow their variation through successive courses of immunization (Table IV) . How widely applicable the method is to hemolytic streptococci in general must remain uncertain until other strains of the same and different types have been tested. Peculiarly enough the other Type I strain used, S 118, absorbed less antibody than the homologous strain from an anti-SF 130 serum (Table III) , but the difference was not large. This result seemed due to actual antigenic differences, since both strains showed essentially similar rcsistancc to washing. In the few instances tested it proved possible to recover most or all of the antibodies left by an hetcrologous strain by reabsorption of the supernatant with homologous suspension.
The results given in Table IV are similar to those in Table II , but bring out the difference between group-specific and type-specific agglutinins more clearly. Occasional sera, such as 7581, were mainly type-specific while others, such as 7591, contained mainly group-specific antibodies. Similar extremes in the response of rabbits to V. ckolerae were noted qualitatively by White (15) .
On continued immunization with streptococci variation was not always in the direction of an increasing proportion of group-specific antibodies, but the content of type-specific antibodies remained remarkably constant (Table IV) .
The quantity of agglutinin N bound per mg. of suspension N proved quite variable. In the early experiments this ratio remained on a fairly constant level, about 0.26 to 0.32 with SF 130 suspensions and between 0.11 and 0.18 with the C203. At the same time as the SF 130 suspensions acquired the tendency to form films, this ratio dropped to about one-half the original level. It is uncertain whether these changes are referable to slight differences in the conditions under which the streptococci were grown, resulting in alterations in the reactive bacterial surfaces, or whether the reactivity of the antibody changed on storage. The former alternative is favored by the relative invariability of the agglutinin N: suspension N ratio in the case of the C203 suspensions, which, moreover, took out more antibody from two anti-SF 130 sera than did the homologous suspensions. In favor of a change in the antibody are paralld experiments showing that suspensions prepared from another dried stock culture of SF 130 gave the same agglutinin N:suspension N ratio and the same total agglutinln N as suspensions of the strain in which the ratio had changed. It therefore remains an open question whether the strain or the sera or both had changed their properties, but the availability of a sensitive quantitative method for the detection and measurement of such differences should facilitate the further study of these and other instances of bacterial variation or changes in antisera. These observations again emphasize the well known capricious behavior of streptococci in serological reactions and indicate that all comparative experiments with this new method, as well, should be done simultaneously and under identical conditions, at least until more is known of the limitations and variables involved.
When the agglutinin tests were set up at 0", as was customary, suspensions of the homologous type always agglutinated much more rapidly than heterologous vaccine. The homologous suspensions agglutinated immediately in coarse floccules, while the heterologous ones showed a finely divided and much slower agglutination. Suspensions of strain C203 behaved like Type 1 suspensions in this respect. Sera which contained mainly group-specific antibodies, such as 7591, reacted more rapidly and strongly with heterologous suspensions than did more type-specific sera such as 7581, but even in the less specific sera the differences between homologous and heterologons agglutination were always marked. Possibly the experimental conditions (relatively much suspension and serum, low temperature) are more favorable for the detection of type differences between strains than in the usual agglutination test and could be used for diagnostic purposes. If the test should prove to be generally applicable to the Group A hemolytic streptococcus types it would be a very convenient one, for in the instances given absorption of the antisera with heterologous types or preliminary precipitation with C-substance (16) proved to be unnecessary.
In repeated absorptions of supernatants the heterologous agglutination was the first to disappear, while homologous agglutination was evident as long as measurable quantities of antibody nitrogen were bound. Occasionally, type-specific agglutination persisted even after the amount of agglutinin nitrogen bound was within the analytical error of 0.02 to 0.04 mg. of nitrogen, indicating that a minute amount of antibody may suffice to agglutinate relatively large quantities of homologous suspension. Two portions of anti-SF 130 serum 713 with an agglutinin N content of 1.66 mg. per ml. for the homologous strain, and an agglutinin "titer" of about 1:15,000 were absorbed with SF 130 and C203, respectively, until practically all determinable antibody nitrogen was removed. The supernatants agglutinated the same suspensions, by the ordinary qualitative method, to titers of 100 to 500, while a Type 3 suspension was not agglutinated.
Antibodies to C-substance are among those most easily removed from the sera (see also Table V) since supernatants failed to react with C, while absorbed sera that no longer gave measurable quantities of agglutinin N still showed weak precipitation with the most active streptococcus protein fractions. Table V also shows that the proportion of anti-C in the rabbit antisera tested was low, in contrast to the pneumococcus anti-C in certain antisera to R (Dawson S) pneumococci (4) .
Two specific precipitates, calculated to contain an excess of antibody, were prepared; one from an unabsorbed antistreptococcus serum and streptococcus C-substance,--the other from C-absorbed serum and a streptococcus protein, fraction 51D' (17) (similar to D-fractions in references 8-10). The precipitates were washed five times with chilled saline, resuspended as evenly as possible in saline, and tested with suspensions of SF 130 glossy, C203 glossy, and Type 3 hemolytic streptococci. The conditions of this experiment were analogous to those of the reagglutination experiments reported in reference 3 in which Type 1 pneumococci, agglutinated in fine floccules by excess antibody and resuspended in saline, were reagglutinated into large floccules when unsensitized Type 1 pneumococci were added, owing to chemical combination of free antibody groupings on the sensitized cells with specific polysaccharide on the unsensitized cells. Immediate agglutination of all three streptococcus cell suspensions also took place when these were mixed with the C-anti-C and protein-anti-protein precipitates, showing directly that Group A anti-C and antibody to the protein fraction take part in the agglutination of these strains of hemolytic streptococci. With respect to the anti-C this agrees with the tests showing disappearance of this antibody after removal of agglutinins. Evidently not all of the antiprotein is equally reactive.
These experiments may help to clarify somewhat the complicated status of type-specific agglutination of Group A hemolytic streptococci. They are in accord with Lancefield's demonstration that type-specific agglutination is brought about by antibodies to the M-and T-antigens, although they furnish no new or direct evidence in this regard. On the other hand, they show clearly that antibodies to the C-carbohydrate are taken up in type-specific as well as group-specific agglutination of the streptococci, and that these antibodies, when suitably isolated, are capable of agglutinating cells of both homologous and heterologous types. The conclusions of Pauli and Coburn (16) regarding cross-agglutination due to anti-C are therefore substantiated by these two sets of tests along entirely different lines. It would appear, however, from the data in Tables IV and V that sera containing only a small proportion of typespecific antibody would show less improvement in type-specificity on removal of anti-C than sera in which the antibody is largely type-specific. On the whole, the quantitative data on streptococcus agglutinins are somewhat less accurate and more difficult to interpret than those in the other systems studied (1) (2) (3) (4) (5) . Reproducible results are most easily obtained when the analyses are carried out within a short period and with the same cell suspensions. Both the immune sera and the bacterial suspensions seemed to change unpredictably. The proportions of the reagents also seemed of some importance since multiples of the small quantities of serum usually used rarely yielded the expected quantity of antibody nitrogen. Nevertheless, the method, with all 'its limitations, still appears capable of giving more precise information (to the nearest tenth of a milligram of antibody nitrogen per milliliter of antiserum) regarding the serological properties of the various types and phases of hemolytic streptococci and their antisera than is obtainable by the relative and essentially qualitative methods hitherto in use.
SUMMARY

